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ABSTRACT 

In this paper, we present a sample of cluster galaxies devoted to study the 
environmental influence on the star-formation activity. This sample of galaxies 
inhabits in clusters showing a rich variety in their characteristics and have been 
observed by the SDSS-DR6 down to M B ~-18 and by the GALEX AIS throughout 
sky regions corresponding to several megaparsecs. We assign the broad-band and 
emission-line fluxes from ultraviolet to far-infrared to each galaxy performing an 
accurate spectral energy distribution for spectral fitting analysis. The clusters 
follow the general X-ray luminosity vs. velocity dispersion trend of Lxocaf 4 . 
The analysis of the distributions of galaxy density counting up to the 5th nearest 
neighbor S 5 shows: (1) the virial regions and the cluster outskirts share a common 
range in the high density part of the distribution. This can be attributed to the 
presence of massive galaxy structures in the surroundings of virial regions (2) 
The virial regions of massive clusters (cr c >550 km s _1 ) present a S 5 distribution 
statistically distinguishable (~96%) from the corresponding distribution of low- 
mass clusters (o~ c <550 km s _1 ). Both massive and low-mass clusters follow a 
similar density-radius trend, but the low-mass clusters avoid the high density 
extreme. We illustrate, with Abell 1185, the environmental trends of galaxy 
populations. Maps of sky projected galaxy density show how low-luminosity 
star-forming galaxies appear distributed along more spread structures than their 
giant counterparts, whereas low-luminosity passive galaxies avoid the low-density 
environment. Giant passive and star- forming galaxies share rather similar sky 
regions with passive galaxies exhibiting more concentrated distributions. 

Subject headings: galaxy - galaxy cluster - environment - multi-wavelength - SED 
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Introduction 



The clusters of galaxies are excellent laboratories to study the influence of the 
environment on galaxies. This influence is formed by environmental processes which are 
combinations of interaccions of galaxies with other components of the Universe; galaxies, 
dark matter and plasma. The highest peaks of density in the spatial distribution of these 
components are in the cores of galaxy clusters. The galaxy population in the centers of 
clusters reachs up to volume densities of 10 3 bright galaxies per Mpc 3 on spatial scales of ~ 1 
Mpc and those galaxies have relative velocities of several hundreds of km s _1 ( ICox. A. N 



20001 ) . The mass of dark matter haloes of clusters is several orders of magnitude greater 
than the sum of masses of the stellar component of galaxies with mass-to-light ratios that 
range from 100 to 500 M®/L & ( ICox. A. N.I 120001 ) opposite the ma ss-to-light ratio for stellar 



component which cover the range 1-10 M & /L & (jBell et al. 



20031 ). The pressure of the 



intracluster medium (ICM), which with n e ~10 3 cm 3 and te mperatures goes from 10 7 to 



10 8 K is enough high to acts on the gas component of galaxies (iGunn fc Gott 



19721 ) . 



Each of the interactions of galaxies with these components (galaxies, ICM, dark 
matter halo) has a contribution in the different environmental processes. The interaction 
of galaxies with the ICM dominates the gas stripping processes, where the interstellar 



medium o 



galaxies is stripped via va rious mechanisms, inclu ding viscous and turbule nt 



stripping ( jToniazzo fc Schindler 



and ram pressure stripping ( jQuilis et al. 



2001 ), therma l evaporation (jCowie fc Songaila 



19771 ) 



20001 ). The tidal interacti ons among g alaxies 



dominates the gala xy mergers or 



galaxy harassment (IMoore et al. 



strong galaxy-gal axy interactions (IMihos 



1996 



1998 



20041 ) and the 



19991 ) . The environmental process known 



as strangulation, starvation, or suffocation is dominated by the tidal interacti on with the 



dark matter halo of the cluster which removes the hot gas halo of the galaxy (IBekki et al. 



20021 ). The environmental processes act on the stellar and gas/dust components of a galaxy 
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modifying its gas content, the star formation level, the structural and dynamical parameters, 
etc. In one side, the intensity of the environmental processes depend on galaxy properties 
like the stellar mass or the compactness of stellar component. Also, the environmental 
influence depends on the environmental conditions and/or the cluster properties as the 
density of cluster components (galaxies, ICM, dark matter halo), the velocity field of the 
cluster, etc. Specifically, there is a controversy about the dependence on global cluster 



works point out there is no such correlation (ISmail et al 



Ellings on et al. 



2005 



2001 



Andreon et al. 



Fair ley et al. 



2002 



1998 



De Propris et al 



2004 : 



Andreon & Ettori 


1999 




Goto 


2005 




Wilman et al. 



20061 1 while other works claim the presence of a relation between the 



star 



1997 



ormation activity and t 



re global cluster properties (Martinez et al. 



Zabludoff fc Mulchaey 



1998 



Margoniner et al. 



200lh . 



2002 



Biviano et al. 



The cores of galaxy cluster are located around the peaks of densities of these 
components but the volume density of cluster components converges to t he field val ue 



towards regions o utside the virial regions in distances of some virial radii (ICox. A. N. 



Rines et al. 



2000 



20031 1 . So, the transition between the cluster centers and the surroundings 
samples a broad range in environmental properties. The environmental processes act on 
galaxies with d ifferent intensity depend ing on the galaxy (dynamical or stellar) mass or 



luminosity (see 



Boselli fc Gavazz 



2006 



% for a review), but in the most of previous works 
the observed trends of galaxy properties are restricted to giant L>L* galaxies. The 
UV luminosity has revealed as a good proxy of th e recent star for mation rate because 



is a tracer of the more short-lived stars r<10 8 yr (jKennicutt 



19981 ) and the UV-optical 



colors as an excellent classifier be tween passive evolving galaxies and star-forming galaxies 



(jChilingarian fc Zolotukhin 



ranges sample stel 



1998 



Martin et al. 



20111 ). On the other hand, the optical and near-in frared spect al 
ar pop ulations with ages which go from 10 9 to 10 10 years (jKennicutt 



20051 ) . This give us some important insights into the global star 
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formation history of a galaxy i.e. the stellar mass, the time-scale of the star formation 
history, etc. 

Following the former considerations, we will design a sample of clusters nearby enough 
for their galaxies be observed around the classical luminosity limit between giant and dwarf 
galaxies M B =-18 by the DR6 of SDSS. We stress the cluster galaxy population must be 
observed by differents surveys from UV to FIR in the central regions of each cluster and 
its surruondings up to several times the size of virial region. This cluster sample allow us 
to study the environmental behavior of different properties (current star formation, stellar 
mass, attenuation, etc) of a galaxy population with a broad luminosity range inhabits 
environments as different as the center of galaxy clusters or their surroundings. 

The remainder of the paper is organized as follows. In section [2J we describe the 
design of the cluster sample. In section [3J, we describe the compilation of broad-band and 
emission line fluxes for the galaxy sample of the cluster sample. In section HI we show 
the compilation of fluxes for the galaxy sample, color-color distributions and an example 
of the SED of a galaxy from the sample. In section we disccused three different items: 
the bolometric X-ray luminosity vs. cluster velocity dispersion Lx-& c relation, the local 
density S 5 distribution of galaxy population split by their membership to virial regions of 
low- mass/massive cluters and as a hint for future work and the sky projected density of 
giant/low-luminosity and passive/star-forming galaxy population in a massive cluster. We 
summarized our findings in section [6] 



2. Cluster sample selection 



One of the purpose of the sample design is embrace a luminosity range for the cluster 
galaxy sample as wide to contain the classical limit between giant and dwarf galaxies, 
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Mg—-18. This constrains the redshift range of the cluster sample. The cluster sample is 
observed in a sky area wihich is delimited by the intersection of observed sky areas of SDSS 
and GALEX surveys. Both surveys are not completed (at the moment of sample definition, 
March 2008) and have smaller observed sky areas than the other ended surveys, 2MASS 
and IRAS. In order to sample a broad range of environments, we select galaxy clusters 
observed by these surveys up to regions several virial radius beyond the virial region. So, 
we discard those clusters with a poor sky coverage not only in the central regions but even 
in the outskirts of clusters. 

In the following, we describe the process to build the cluster sample. In a first step, 
we take a compilation of Galaxy Clusters from NED Q. Thanks to this approach, we take 
account all cluster selection criteria in the literature; visual inspection, image-smoothing 
techniques, X-ray extended sources detection, Red Sequence algorithm, surveys around cD 
galaxies, etc. This avoid any kind of bias in the cluster selection. We have selected all 
astrophysical objects with NED Object Type set to GClstr. 

We constrain the redhisft range to reach down the absolute magn itude limit of dwarf 



galaxies. The Main Galaxy Sample of SDSS reach up to r' MGS ~17.77 (IStrauss et al. 



while the absolute magnitude limit for dwarf galaxy starts at M^ war ^ =-18 (IBinggeli et al. 



2002), 



1988 



Mateo 



19981 ). so: 



Mr EE Ms ^ 



R = r ' MGS - 0.18370 - r) - 0.0971 fLupton. R. 20051 

(B-R) 
fi = R-M R 

logz = 0.2fi - 8.477 + logh ( Local Universe, i.e. c^HD=100hD ) 



with B, R apparent Johnson magnitudes; Mb, Mr absolute Johnson magnitudes; fi 



1 NASA/IPAC Extragalactic Database, http://nedwww.ipac.caltech.edu/ 
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distance modulus; H=100h with H the Hubble's constant and z redshift. We assume h—0.7 
in this work. Assu ming the (B-R ) value s observed by 



Mobasher et al 



Blanton et al 



(120031 ) and the (g-r) 



( 120031 ) for red and blue galaxies, we obtain a upper limit 



values observed by 
in redshift of: 

Blue galaxies: (B - R) « 0.8, (g-r) « 0.2 * » 0.044 
Red galaxies: {B - R) ^ 2.0, (g-r) wl.0=^z« 0.071 

Then, we choose z=0.05 as the upper limit in redshift as a compromise between red 
and blue galaxies and initially start with a cluster sample from z=0 to z=0.05. This initial 
sample contains 1575 clusters. 

We check by eye the distribution of the SDSS plates and the GALEX fiel ds for this 



19581 ) 



cluster sample over a sky region up to a projected radius of some Abell radius (lAbell 
from the center of each cluster. After that, we set the lower limit in redshift for the cluster 
sample to 2=0.02 because this redshift limit is enough to cover the sky area of a typical 
galaxy cluster with only a few SDSS plates (1.5 deg radius) or GALEX fields (0.5 deg 
radius). In a second step, we crosscorrelated the coordinates of cluster centers reported by 
NED with the position of the SDSS plates and the GALEX fields, in order to know what 
the cluster centers are, at least, in one SDSS plate and one GALEX field. This gives a 
cluster sample of 373 galaxy cluster with redshift from 0.02 to 0.05. In order to get a good 
SDSS sky coverage of clusters, we check by eye the sky coverage of SDSS Main Galaxy 
Sample up to a projected radius of 2.2 Rami from the cluster center. For a subsequent 
procedure, we need an spectroscopic galaxy sample covering an sky region with this specific 
radius or more extensive. We select only those clusters with a good SDSS sky coverage over 
an sky area with this size. This selection gives a sample of 230 clusters for 0.02<z<0.05. 

The clusters from different catalogs have different selection and detection criteria and 
we do not control whether there are spurious clusters in some of these catalogs. On the 
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one hand, we have to clean our cluster sample from non confident clusters and possible 
artifacts. On the other hand, we need a reliable measure of the cluster velocity dispersion 
a c in order to characterize a cluster sample with a broad range in a r , from poor to rich 



Poggianti et al. 



J2006I) 



clusters. We solve this two issues using the procedure proposed by 
in their Appendix C but assuming cluster center reported by NED instead of Bright Cluster 
Galaxy (BCG) as the center of galaxy cluster. 

In the first step, we select the galaxies inside 2.2 Abell radii from the NED center and 
within a redshift range defined by Az=±0.015 from the cluster redshift given by NED. 
From these galaxies, we estimate the cluster redshift z c and the cluster redshift dispersion 
a z as the median and the median absolute deviation, respectively. If a z is higher than 
0.0017 (~o~ c =500 km s _1 at z=0), we set a z to this value. This step is useful to avoid too 
much contamination from surrounding galaxy structures. Then, we computed the radius 
r 2 oo from z c and a z using the following equation: 



r 200 = 1.73 



1000 km s" 1 y/n x + £l (l + 



-.h" 1 Mpc 



which is taken from 



Finn et al 



( 120051 ). First, we recomputed z c and then a z from those 
galaxies within ±3a z from z c and more nearby to cluster center than 1.2 r 2 oo- This process 
iterates until it reaches the convergence. After each iteration, every galaxy in the initial 
sample can reenter to the cluster sample whether it meets the constraints on redshift and 
position. If the process does not converge, we discard that cluster. The error of the final a c 
is computed using a bootstrap algorithm applies to the galaxy sample in the cluster. 

In this procedure, there are clusters which reach the convergence and show a final z c 
far away from NED cluster redshift or with a z ^> 1000 km s _1 . After a visual check to 
radial velocity histograms of these structures, we conclude those galaxy structures are far 



from be real clusters. In order to discard those structures, we add two constrains to the 
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cluster sample: 



\z c — z N ed\ < 0.0033 
a z < 1300 km s" 1 



After applying the procedure from 



1 I 1 

Poggianti et al.l (120061 ) and including this constrain 



to the former sample, the resulting sample is composed by 86 clusters. At the end of this 
procedure we still impose a further condition related to the presence of clusters with more 
than one NED identifier: NED only classifies two clusters from different catalogues as being 
the same cluster if their angular separation is less than 2 arcmin (Marion Schmitz - NED 
team, private communication). Using this clue, we take the cluster name from the most 
ancient catalogue to identify those clusters with more than one NED identifier. 

As a final step, we visually check the GALEX AIS coverage of each cluster up 
to some Abell radius. We end up with 16 clusters in the redshift range 0.02<z<0.05. 
Their basic properties are listed in Table [TJ Their appearance in the sky and their 
radial velocity distributions are shown in figures [1] and [2j respectively. Figure |3] are the 
color-composite images of the central regions of clusters retrieved from the SDSS Navigate 



Too\ \http:// ' skyserver.sdss.org/public/en/tools/chart/navi. asp 
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Table 1: Main properties of the cluster sample. 
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Table 1: Main properties of the cluster sample. 

(1) NED identifier, (2) and (3) Celestial coordinates of cluster center from NED webpage, (4) 
Cluster average redshift, (5) Cluster velocity dispersion, (6) Radius 200, (7) No. of galaxies 
inside virial region with SDSS redshift, (8) No. of galaxies associated to each cluster selected 
by criteria exposed in section 13. 1\ (9) Half size of sky square region retrieved for each cluster, 
computed assuming the Local Universe approximation cz=HD, the small-angle approxima- 
tion p P =Dx 6 [radl and a pro jected radius Rp=7.1 Mpc (10) Bolometric X-ray luminosity 



from 



Mahdavi & Gellerl (J200l|) except for WBL 213 flMahdavi et al. 



20001). (*) The histor- 



ical criterion is not applied. In the case of WBL 514, we have selected WBL 514 instead 



of M KW07 because this object is split in two clusters by a late reference (IStruble fc Rood 



199ll ). The source of the data is specified. Otherwise, the data are results from this work. 



The cluster compilation was carry out from NED updated at March 28, 2008. 
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Taking a look to the sky distribution of clusters from the sample in the figure [U it can 
be seen the wide variety of the cluster sample in cluster richness and spatial structure and 
in some cases, the presence of galaxy structures around the virial regions of clusters. The 
richness goes from the poor cluster WBL 245 or WBL 234 with only a few galaxies in their 
central regions to the massive cluster ABELL 2199, which is assembled in the supercluster 
ABELL 2197 - ABELL 2199 - B2 1621+38: [MLO2002] or the cluster ABELL 1185, with 
clear evidence of galaxy structures as filaments. There are apparently "isolated" clusters 
as UGC1 271 or U GC1 148 NED01 o pposite the example of WBL 514 with a close "twin" 



cluster, WBL 518 f Beers et al. 



1995|). 



13 
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Fig. 1. — RA-DEC projection of the cluster sample. Ordinate axis is for declination and the 
abscissa axis is for right ascension. The red points correspond to galaxies in the virial region 
and the black points to the rest. All galaxies in the panels come from the DR6 of SDSS and 
are included in the cluster galaxy sample. In each panel, the dashed circle has a radius set 
to the r 2 oo of each cluster. The size of each panel is set to 8r 2 oox8r 2 oo- 
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Fig. 1. — Continued. 
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Fig. 2. — Radial velocity histograms for the cluster sample. The black histograms represent 
the galaxy sample inside a projected radius Rp three times the virial radius Rp<3r 2 oo and 
the red histograms correspond to those galaxies inside a projected radius set to one virial 
radius Rp<r 2 oo- The range of abscissa in each panel is set to cz c -5a c <cz<cz c +5a c of each 
cluster. 
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Fig. 2. — Continued. 
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3. Crossmatching of galaxy catalogues and compilation of spectrophotometric 

data 



One purpose of this work is the compilation of broad-band and emission line fluxes 
from the ultraviolet around 1350 A to the far-infrared around 100 /mi for the cluster galaxy 
sample. In the last decades, this task becomes possible thanks to several sky surveys 
covering large areas of sky from UV to FIR. We present a brief summary about the main 
galaxy surveys from we retrieve spectrophotometric fluxes for the cluster galaxy sample and 
summarize the main figures of each survey in Table [2] : 



Galaxy Evolution Explorer (GALEX, iMartin et all 120051 ) was launched to, among 
others surveys, cover all sky at different depth and areas in two UV filters, the 
far-ultraviolet (FUV) band (1350-1750 A) and the near-ultraviolet (NUV) band 
(1750-2750 A). The AIS plans to survey the entire sky down to a sensitivity of 
m J 4s^20.5, c omparable with the sensitivity of the SDSS Main Galaxy Sample, 



r' MGS =17.77 (IStrauss et al. 



20021). 



The SDSS Project (6th Data Release in 



Adelman-McCarthy et al. 



20081 ) retrieved 



spectra from, among other astronomical objects, all gala xies with r'< 17-77 fr om the 



SDSS Imaging Catalog. The SDSS photometric system ( jFukugita et al. 



19961 ) cover 



from 3000 to 11000 A in five broad band filters (u\ g', r', i! and z'). 



The Two Micron All Sky Survey (2MASS, ICutri et al.l 120011 ) has uniformly scanned 
the majority of the sky in three near-infrared (NIR) bands, J (1.25 /mi), H (1.65 /an), 
and K s (2.17 /mi). 



The Infrared Astronomical Satellite (IRAS, iNeugebauer et al. 



19841 ) was a project to 



perform an unbiased, sensitive all sky survey at 12, 25, 60 and 100 /mi, down to a 
limiting flux of 0.2 Jy at 60 /mi. This mission produced two main catalogues; the 
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(a) UGC1 141 




WBL 245 





Fig. 3. — SDSS color-composite images of the central regions of clusters. The horizontal line 
in the upper left corner indicates the pixel-scale of the image. 




Fig. 3. — Continued. 
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Point Source Cat alog catalogue (PS C 



Joint Iras Science 



Catalogue (FSC, 



Moshir et al. 



1993|). 



19941 ) and the Faint Source 



3.1. SDSS data 

The cross-correlation of celestial coordinates from different catalogues have been 
accomplished using the SDSS celestial coordinates as the fiducial coordinates. For each 
cluster, we retrieve all galaxies from the DR6 of SDSS with the following criteria: 

• R P < 7.1 Mpc 

• z c - 5a c < z < z c + 5cr c 

• z > 10 -3 (In order to avoid stars in the lowest redshift clusters) 



We retrieve photometric and spectroscopic data from SDSS database for this galaxy 
sample. The photometric fluxes come from the five bro ad-band filters of SDSS. We select 



the "composite flux" magnitude f Abazajian et al. 



20041 1 as the suitable way to retrieve 



the total flux from each galaxy with the minimum uncert ainty in color. We s ummed to 

and the 



the error reported by SDSS photometric pipeline (photo. iLupton et al 



2001 



2008|), the 



calibration errors reported in the DR6 of SDSS (lAdelman-McCarthy et al. 
standard deviation (based on the interquartile range) of distribution of the difference 
f composite- fpetrosian to account uncertainties in color w hich are not present in the standard 



accurate-color photometry (i.e. petrosian magnitude, 



Abazajian et al 



20041 ) 



We include spectroscopic data regardin g to spectroscopic re dshift and the fluxes for 



the four emission lines of the BPT diagram ([Baldwin et al 



(A=4861 A), [Nil] (A=6584 A) and Ha (A=6563 A). 



198lh: [OI 



Moustakas et al. 



(A=5007 A), H(3 



(120061 ) claim the 
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Table 2: Main figures of galaxy surveys. 



SURVEY 


band 


A c 


AA C 








/iHl 


/iin 


AB mag 


(1) 


(2) 


(3) 


(4) 


(5) 


GALEX (°) 


FUV 


0.1550 


0.400 


20.5 




NUV 


0.2250 


1.000 


20.5 


SDSS ^ 


u' 


0.3551 


0.599 


22.0 




9' 


0.4686 


1.379 


22.2 




r' 


0.6165 


1.382 


22.2 




i' 


0.7481 


1.535 


21.3 




z' 


0.8931 


1.370 


20.5 


2MASS ( £ ) 


J 


1.25 


1.620 


16.39 




H 


1.65 


2.510 


16.37 




K s 


2.17 


2.620 


16.34 


IRAS(PSC+FSC) W 


12/im 


12 


7.00 


10.64 




25/im 


25 


11.15 


10.64 




60/im 


60 


32.5 


10.64 




lOO^m 


100 


32.5 


8.9 



(1) Survey, (2) Spectral band, (3) Cen t ral w avelen gth, (4) Spectral bandwid t 



Completeness 



Finlator et al. 



imit. 



(a) 



Martin et al. 



(120001 ) and ^ 



(2005) 



Joint Iras Science 



(6) 



(119941 ) + 



Adelman-McCarthv et al. 



Moshir et al. 



i and (5) 
J2OO8I), W 



19931 ) . Some galaxies 



in the FSC have upper limits with fluxes greater than these nominal values. 
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extinction-corrected Ha luminosity is a reliable Star Formation Rate (SFR) tracer, even in 
highly obscured star-forming galaxies. We derive galaxy SFRs from the extinction-corrected 
Ha lum inosity. The extincti on correction is applied using the Balmer decrement method 



and the 



Cardelli et al. 



( 119891 ) extinction law with Ry=3.1. We take a HI recombination line 
ratio in the theoretical case B nebulae at T=10 K as Ha /H 0=2.8 7. We apply the scaling 
law between SFR and Ha luminosity proposed by iKennicuttl (119981 ). 



SDSS project has a pair of fiber-fed double spectrographs with 3 arcsec of fiber 
diameter on sky. This produces a loss of light from external parts of the largest galaxies. In 
order to reduce syst ematic and random errors from this "aperture effect" in SFR estimation 



Kewley et al. 



(120051 ) recommend selecting galaxy samples with the fiber capturing more 
than the 20% of the galaxy B 445nm -light. We assume a SDSS spectrum as representative of 
a galaxy when the fiber contains, at least, one fifth of the total g-band flux of the galaxy. 
So, we select these galaxies with: 

(9 fiber- g-model ) <"2 .5 alogio (0.2) 

g fiber is the g-band magnitude measured inside an aperture similar to those produce by 
the SDSS fiber and g mo dei is the g-band "model" magnitude. In this case, we scale Ha fiber 
flux to Ha total flux using I0~ a4 ( 9modei_9 f iber ^ as scaling factor. Otherwise, we set Ha fiber 
flux (without any scaling) as the lower limit for the Ha total flux of these galaxies 



3.2. SDSS-GALEX crosscorrelation 



Following the criterium proposed by lObric et al.l ( 120061 ). we choose a matching radius 
of 6 arcsec between the SDSS and GALEX AIS celestial coordinates. We accomplish the 
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source matching using the GALEX application GalexViewQ. In the case there is not a 
GALEX source in the matching circle, we do not assign an UV flux to SDSS source. The 
fraction of SDSS sources without GALEX detection is less than 20%. There are two options 
for the case of a non matched source; or this sky region is not observed by GALEX AIS, 
or the UV flux for the SDSS source is under GALEX AIS detection limit. The first case 
does not introduce a biased selection of galaxies i.e. there is no correlation between the 
celestial coordinates and the galaxy properties. In the second case, we have a completeness 
limit for the SDSS Main Galaxy Sample of r' MGS <17.77 and the GALEX AIS reach down 
to NUVum ~22 for Galactic extinction-corrected magnitudes, while the UV-optical color 
separation between blue and red galaxies is NUV-r^A. So, this case only affects to red 
galaxies in the lowest flux bin r'>16. 

We choose the ellip tical aperture photometry (MAG_AUT0 option in SExtractor code, 



Bertin fc Arnouts 



1996) for GALEX sources in order to have the complete UV flux for each 
source. These magnitudes are corrected from Galactic extinction using the excess color 
E(B- V) reported in GAL EX tables for each UV source and assuming the Cardelli extinction 



law (ICardelli et al. 



1989|). 



3.3. SDSS-2MASS crosscorrelation 



The 2MASS project has enough image quality (FWHM~2.5-2.7 arcsec, 



Cutri et al 



20011 ) to discriminate point-like sources (i.e. stars) from the extended ones (i.e. galaxies); 
the angular distance at 2=0.05 is 0.977 kpc arcsec -1 . So, we only crosscorrelate the galaxy 
sample with the 2MASS All-Sky Extended Sou rce Catalog (XSG) a nd not the 2MASS 



All-Sky Point Source Catalog (PSC). We follow 



Blanton et al. 



( 120051 ) and set the matching 



2 http:/ / galex. stsci. edu/ GalexView/ # 
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radius to 3 arcsec. 



The NIR magnitudes for each SDSS source without 2MASS cou nterpart are fixed, as 



a lower limiting flux, to the completeness limit in each 2MASS band (IFinlator et al. 



20001 ). 



In this case, we set the error for the lower limit to a nominal value of Am=l mag, which is 
the magnitude interval along the NIR galaxy counts decrease from the 100% completeness 
down to zerc[]. The matching rates vary from cluster to cluster and are around 40-60%. 



We choose the photometry named total magnitude for the three NIR bands which is 
obtained from the integral between the lowest elliptical radius with a surface brightne ss of 



jj,=20 mag arcsec 2 (this 



a elliptical Srsic pro file (jSersic 



correspond s to ~lcr of the sky background, 



Cutri et al. 



20011 ) and 



(iJarrett et al. 



from 



19631 ) fitted to the surface brightness profile of the galaxy 



2000j). We a pply the magnitude conversion from Vega system to AB system 



Finlator et al. 



teoooh . 



3.4. SDSS-IRAS crosscorrelation 



Owing to the low angular resolution of IRAS telescope!, the galaxies resemble 



IRAS point-like sources. So, we cross match the galaxy 



PSCz®FSC; Point Source Catalogue (IJoint Iras Science 



samp 



e with a joint catalogue of 



( Moshir et al. 



19941 ) © Faint Source Catalog 



19931 ) . The FSC is ~2.5 times deeper in limiting flux than the PSCz 



ogues is around 0.4 Jy. 



Blanton et al. 



fl2005[ ). 



catalogue and the approximated flux frontier between this two catal 
We set the matching radius to r=30 arcsec, the value proposed by 
Anyway, the matching rate is quite low ~l-5%. The upper limit in IRAS flux for galaxies 
without IRAS counterpart is set to the values proposed for the FSC at each IRAS band 



3 http://www.ipac. caltech.edu/2mass/releases/allsky/doc/sec2-3d3. html 

4 http://irsa.ipac. caltech.edu/IRASdocs/exp.sup/ch2/ C3.html 
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( IMoshir et al.lll993l ). We set the upper limit error to the nominal (absolute+relative) error 



reported in PSCz catalogue: 11% + 0.06 Jy. 



4. The spectrophotometric catalogue 

The format of the spectrophotometric catalogue is presented in Table [3j It contains 
53 columns that are described below, including the relevant observational parameters, 
spectrophotometric fluxes from UV to FIR and SFR estimates^: 

Columns (1). ID: number associated to the position of the galaxy inside the cluster 
galaxy sample as a identifier. 

Columns (2) and (3). ObjID and specObjID: SDSS Imaging Catalog and Main Galaxy 
Sample identifier of the galaxy. 

Columns (4) and (5). RA and DEC: SDSS right ascension and declination (J2000) in 
degrees. 

Columns (6) and (7). z and e z \ SDSS spectroscopic redshift and its uncertainty. 

In sets of three elements, the following columns show the AB magnitude of galaxy, its 
uncertainty and the detection identifier^ for the following spectral bands: 

Columns (8), (9) and (10). ABpuy, <Jfuv an d ifuv'- 

the GALEX FUV band. 
Columns (11), (12) and (13). AB NUV , a NUV and i NUV : the GALEX NUV band. 
Columns (14), (15) and (16). AB u i, cv and Ly: the SDSS vl band. 
Columns (17), (18) and (19). AB^, a g > and i g r. the SDSS g' band. 



'The catalogue will be presented in its entirety in the online version of the paper. 
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Columns 


{^OJ, 


(21) 


and 


(22). 


Ao r /, a r r ana v. trie bJJob r band. 




Columns 




(24) 


and 


/OCA 

(25). 


Ad/, and v. trie oJJbo 2 band. 




columns 


{■60), 


(27) 


and 


(28). 


AB 2 /, oy and v: the SDSS z 1 band. 




Columns 


{^ ) ! 


{6\J ) 


and 


{61). 


ajdj, ctj and ij. xne oudd J Dana. 




Columns 


{3-6 ) ) 




and 


{64). 


adj/, <r h ana xne dudo si Dana. 




Columns 


{60 ) , 


{60 ) 


and 


{6(). 


i\dk s , &ks ana ii^ s . xne oudo i\ s Dana. 




Columns 


{oo ) , 


{6i> ) 


and 


(4U). 


ADi2fim, &i2)im ana ii2^tm- tne IrtAb iz ^m 


band. 


Columns 


(41), 


(42) 


and 


(43). 


AB 25M m, o"25 M m and i 25Mm : the IRAS 25 ^m 


band. 


Columns 


(44), 


(45) 


and 


(46). 


AB 60Mm , a 60Mm and i 60Mm : the IRAS 60 ^m 


band. 


Columns 


(47), 


(48) 


and 


(49). 


ABioo Mm , o-ioo Mm and ii o Mm : the IRAS 100 


/iin band. 


Columns 


(50), 


(51) and (52) 


SFR, (Jsfr and \sfr- Ha-derived star formation rate 



(SFR), its uncertainty and detection identifier in SFR. 

Column (53). Cluster: identifier for the parent cluster of the galaxy. The cluster 
identifiers are codified in the following way: A=ABELL, B2=B2 1621+38: [MLO2002] 
CLUSTER, N=NED, U=UGC1, W=WBL. 

^ Code for detection identifiers: 
1 = Source detected on this band, 

= Source undetected on this band (upper limit in flux), 
-1 = Source not observed on this band and 
-2 = Lower limit in flux. 



Table 3: Spectrophotometric catalogue of cluster galaxy sample. 



ID 


ObjID 


specObjID 


RA 


DEC 


z 


£z 


ABpuv 


&FUV 


l FUV 




&NUV 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 








deg 


deg 






AB mag 


AB mag 




AB mag 


AB mag 




1 


587735239565377792 


357982217034530816 


134.655685 


31.482407 


0.02662 


0.00009 


19.049200 


0.133216 


1 


18.683599 


0.082258 


1 


2 


587735240639381760 


357982219328815104 


134.670593 


32.448460 


0.02233 


0.00009 


-1.000000 


1.000000 


-1 


-1.000000 


1.000000 


-1 


3 


587735043615096960 


358263757475938304 


135.079346 


32.780834 


0.02231 


0.00009 


-1.000000 


1.000000 


-1 


-1.000000 


1.000000 


-1 


4 


587735043078946944 


358263758667120640 


136.960205 


33.468132 


0.02638 


0.00017 


21.178200 


0.279031 


1 


19.302299 


0.095046 


1 


5 


587735239567474944 


358545248592330752 


139.522614 


33.917965 


0.02438 


0.00016 


-1.000000 


1.000000 


-1 


21.215200 


0.279032 


1 


6 


587735239567540352 


358545248617496576 


139.730331 


34.034649 


0.02227 


0.00018 


-1.000000 


1.000000 


-1 


21.621300 


0.384734 


1 


7 


587735239567540224 


358545248625885184 


139.611649 


34.036049 


0.02317 


0.00020 


-1.000000 


1.000000 


-1 


21.976801 


0.469288 


1 


8 


587735239567737088 


358545248667828224 


140.089035 


34.238449 


0.02461 


0.00008 


-1.000000 


1.000000 


-1 


18.375999 


0.050605 


1 


9 


587735239567605888 


358545248823017472 


139.744232 


34.133747 


0.02226 


0.00015 


-1.000000 


1.000000 


-1 


-1.000000 


1.000000 


-1 


10 


587735042543124608 


358545248831406080 


139.641464 


34.293934 


0.02166 


0.00014 


-1.000000 


1.000000 


-1 


20.270000 


0.189778 


1 



NOTE: This table will be presented in its entirety in the online version of the paper. 



Table 3: Continued. 



ID 


AB,,/ 


(T„,/ 

^ V, 


Li/ 


AB„- 


G „i 
.9 




AB r / 






AB.,/ 


Git 


L/ 

l v 


kV> z , 


(TV 


'■z 


(1) 


(14) 


(15) 


(16) 


(17) 


(18) 


(19) 


(20) 


(21) 


(22) 


(23) 


(24) 


(25) 


(26) 


(27) 


(28) 




AB mag 


AB mag 




AB mag 


AB mag 




AB mag 


AB mag 




AB mag 


AB mag 




AB mag 


AB mag 




1 


18.517775 


0.108053 


1 


17.700541 


0.066168 


1 


17.592373 


0.066663 


1 


17.379465 


0.070090 


1 


17.194235 


0.108876 


1 


2 


19.067827 


0.105126 


1 


18.039906 


0.066950 


1 


17.741817 


0.063210 


1 


17.584496 


0.065851 


1 


17.514194 


0.092795 


1 


3 


19.101942 


0.120221 


1 


17.946131 


0.064513 


1 


17.827415 


0.065841 


1 


17.913485 


0.068607 


1 


17.935137 


0.115220 


1 


4 


16.447611 


0.084428 


1 


14.826661 


0.066261 


1 


14.076668 


0.066026 


1 


13.676976 


0.066025 


1 


13.416355 


0.077062 


1 


5 


17.861683 


0.097150 


1 


16.316339 


0.068362 


1 


15.610915 


0.067196 


1 


15.253843 


0.067416 


1 


15.014357 


0.081505 


1 


6 


19.127745 


0.143379 


1 


17.663599 


0.073838 


1 


16.970215 


0.070757 


1 


16.692688 


0.071775 


1 


16.589867 


0.093554 


1 


7 


19.035378 


0.141855 


1 


17.719177 


0.066303 


1 


17.065872 


0.063679 


1 


16.616327 


0.064424 


1 


16.577681 


0.089601 


1 


8 


17.831083 


0.089150 


1 


16.744196 


0.060600 


1 


16.188751 


0.060178 


1 


16.101572 


0.061675 


1 


16.413498 


0.083945 


1 


9 


18.705692 


0.112631 


1 


17.124117 


0.071256 


1 


16.368345 


0.071518 


1 


16.046734 


0.069902 


1 


15.803750 


0.090045 


1 


10 


16.759426 


0.089591 


1 


15.192950 


0.066689 


1 


14.493539 


0.066356 


1 


14.086758 


0.066258 


1 


13.676766 


0.077599 


1 



Table 3: Continued. 



ID 


ABj 


a j 


ij 


ABtf 




W 


AB Ks 






J_ £i Lt, lit 


(J l2/j,m 


ll 9/,m 


(1) 


(29) 


(30) 


(31) 


(32) 


(33) 


(34) 


(35) 


(36) 


(37) 


(38) 


(39) 


(40) 




AB mag 


AB mag 




AB mag 


AB mag 




AB mag 


AB mag 




AB mag 


AB mag 




1 


16.389999 


0.500000 





16.370001 


0.500000 





16.340000 


0.500000 





10.647425 


0.410000 





2 


16.389999 


0.500000 





16.370001 


0.500000 





16.340000 


0.500000 





10.647425 


0.410000 





3 


16.389999 


0.500000 





16.370001 


0.500000 





16.340000 


0.500000 





10.647425 


0.410000 





4 


13.371000 


0.024000 


1 


13.155000 


0.036000 


1 


13.294000 


0.041000 


1 


10.647425 


0.410000 





5 


15.266000 


0.056000 


1 


14.981000 


0.064000 


1 


15.249000 


0.089000 


1 


10.647425 


0.410000 





6 


16.389999 


0.500000 





16.370001 


0.500000 





16.340000 


0.500000 





10.647425 


0.410000 





7 


16.389999 


0.500000 





16.370001 


0.500000 





16.340000 


0.500000 





10.647425 


0.410000 





8 


16.389999 


0.500000 





16.370001 


0.500000 





16.340000 


0.500000 





10.647425 


0.410000 





9 


15.926000 


0.086000 


1 


15.654000 


0.107000 


1 


15.919000 


0.156000 


1 


10.647425 


0.410000 





10 


13.681000 


0.026000 


1 


13.454000 


0.035000 


1 


13.626000 


0.051000 


1 


10.647425 


0.410000 






Table 3: Continued. 



ID 




0~25/xm 




AB 60Aim 


060/nm 


l60/jm 


ABioo^m 


Cl00/im 


1 100pm 


SFR 


&SFR 


isFR 


Cluster 


(1) 


(41) 


(42) 


(43) 


(44) 


(45) 


(46) 


(47) 


(48) 


(49) 


(50) 


(51) 


(52) 


(53) 




AB mag 


AB mag 




AB mag 


AB mag 




AB mag 


AB mag 




Mgyr- 1 


Moyr- 1 






1 


10.647425 


0.410000 





10.647425 


0.410000 





8.900000 


0.170000 





0.022868 


0.012458 


-2 


U141 


2 


10.647425 


0.410000 





10.647425 


0.410000 





8.900000 


0.170000 





0.128186 


0.052203 


1 


U141 


3 


10.647425 


0.410000 





10.647425 


0.410000 





8.900000 


0.170000 





0.208392 


0.081589 


1 


U141 


4 


10.647425 


0.410000 





10.647425 


0.410000 





8.900000 


0.170000 





0.000000 


0.590124 


-2 


U141 


5 


10.647425 


0.410000 





10.647425 


0.410000 





8.900000 


0.170000 





0.000000 


0.074153 


-2 


U141 


6 


10.647425 


0.410000 





10.647425 


0.410000 





8.900000 


0.170000 





0.000000 


0.007125 


-2 


U141 


7 


10.647425 


0.410000 





10.647425 


0.410000 





8.900000 


0.170000 





0.000000 


0.003340 


-2 


U141 


8 


10.647425 


0.410000 





10.647425 


0.410000 





8.900000 


0.170000 





0.081989 


0.027873 


-2 


U141 


9 


10.647425 


0.410000 





10.647425 


0.410000 





8.900000 


0.170000 





0.000000 


0.021264 


-2 


U141 


10 


10.647425 


0.410000 





10.647425 


0.410000 





8.900000 


0.170000 





0.000000 


0.183563 


-2 


U141 



31 



In Figure HI we show the cluster galaxy sample in three UV-optical-NIR color-color 
diagrams; in each panel we show only galaxies with detection in the three corresponding 
spectral bands. Figure H] shows how the galaxy sample traces the color distribution of 
the two main spectral types of galaxies; the passive galaxies and star-forming galaxies. 
The "red sequence" which is constituted by the family of passive galaxies becomes a "red 
clump" around (NUV-r)~5.75, (g-r)~0.75 and (r-i^ s )~1.0 while the "blue cloud" of the 
star-forming galaxies turns into a sort of "blue sequence" which is more clearly visible in the 
UV-optical color diagram. We stress that the spectral information from UV bands allow us 
a more accurated selection of star-forming galaxies based on UV-optical color diagrams, cf. 
subsection 15.31 and figure [9j This is especially important for the study of a genuine sample 
of star-forming galaxies carried out in this and subsequent works. 

The figure shows an example of SED from the cluster galaxy sample composed by 
the broad-band fluxes and the SFR derived from Ha luminosity which covers three dex 
in wavelength and one dex in luminosity spectral density. The figure |5] highlights the 
importance of a consistent photometry capturing the total flux in each band along the 
SED in order to apply an accurate spectral fitting analysis. The figure [5] also illustrates 
the comp arison of this SED with its b est fitted spectral template from a synthetic spectral 



library in 



Hernandez- Fernandez! (1201 II ). 



5. Discussion 



In this work, we build up an extended catalogue of galaxies belonging to a sample of 
nearby clusters carefully selected to minimize cluster selection bias and to include a large 
diversity of cluster properties. Especial care has been exercised to follow a appropriate 
methodology producing a self consistent spectrophotometry along the SED. In this section 
we discuss the general properties of the selected clusters, together with the spectral 
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Fig. 4. — Color-color diagrams. From top to bottom, and from left to right: (NUV-r) vs. 
(g-r), (NUV-r) vs. (r-K s ) and (r-K s ) vs. (g-r) color-color diagrams. 
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Fig. 5. — Example of a galaxy SED. The left ordinate axis presents the broad-band luminosity 
and the right ordinate axis t he SFR. The solid line i s the best fitted spectral template from a 



synthetic spectral library in 



Hernandez- Fernandez! (120111 ). In the top of the graph, we show 



the value of chi-square for this fit. From left to right, blue data are the NUV band from 
GALEX, the five optical bands from SDSS, the three NIR bands from 2MASS, the 60 and 
100 /um IRAS bands and the Ha-SFR. Red data correspond to the upper limits in 12 and 
25 /im IRAS bands. 
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characterization of their galaxies and paying especial attention to the environmental trends 
of the sample. 



5.1. X-ray luminosity vs. velocity dispersion 



In figure we plot bolometric X-ray luminosity vs. cluster velocity dispersion, the 
Lx-cr c relation, for the cluster sample. The velocit y dispersion and the a ssociated errors 



are computed assuming the procedure p roposed by 



X-ray luminosity values are taken from 



Poggianti et al 



Mahdavi et al. 



(J2000|) and 



( 2006 ). The bolometric 



Mahdavi fc Geller 



(200 1J), assigning 



a n unc ertainty of 30% to the X-ray luminosity in the same way as 



Mahdavi fc Geller! ( 1200 lh 



The Lx-o c relation for the galaxy clusters with associated X-ray detection (nine 
clusters) or an associated upper X-ray flux limit (W BL 213) follow in a consistent way the 



L x o<:a^ A relation found by 



Mahdavi &: Geller! (120011 ) for a sample of 280 g alaxy clusters. For 



some clusters of the sample, we did not find an associated X-ray source in 



Mahdavi k Geller 



(120011 ) catalogue neither one NED object with X-ray associated flux (GGroups, GClusters 



or Xray source) clearly associated to these clusters. Also, we know the r e is no sources with 



Mahdavi & Geller! (I200lf ) catalogue 



X-ray bolometric luminosities under 10 41 erg s _1 in 
Assuming these clusters are around or under this X-ray luminosity (with the typical 
uncertainties for these X-ray luminosities) this group would show a locus consistent with 
L^occr 4 ' 4 trend, except for the cluster WBL 205. In this cluster, a c is overestimated due to 
WBL 205 is clearly formed by two dynamical substructures (see figure [2]). 
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Fig. 6. — Lx-cr c - Bolometric X-ray luminosity vs. cluster velocity dispersion. Blue data 
points indicate X-ray detections and the red data point with Lx~10 42 erg s" 1 indicates a 
confident upper limit in X-ray luminosity. Red data points set to X-ray luminosities ~10 41 
erg s -1 are associated to undetected X-ray sources. These data points are slightly displaced 



from Ly=10 41 erg s 1 



from iMahdavi &: Geller 



or the sake of clarity. The dashed line represent the Lx-<J C relation 



(120011 ) . The cluster identifier in the plot are codified in the following 



way: A=ABELL, B2=B2 1621+38: [MLO2002] CLUSTER, N=NED, U=UGC1, W=WBL. 



-36 - 



5.2. Distribution and radial trend of the local galaxy density S £ 



In Figure we plot the distribution of local galaxy 



density of th e clust er galaxy 



Balogh et al 



(120041 ): this density 



sample. We choose S 5 as local density estimator following 
is computed for each galaxy inside a circle containing up to the fifth neighboring galaxies 
more luminous than M r =-20.6 with radial velocities not farther than 1000 km s _1 from the 
radial velocity of each galaxy: 



(2) 



with r 5 the distance to the fifth neighboring galaxy more luminous than M r =-20.6 
within ± 1000 km s _1 in radial velocity. We reject from £5 distributions galaxies with 
"edge effects" ; those galaxies which some of their fifth first neighbors is placed far from the 
radial limits of galaxy sample (7 Mpc) or with a radial velocity out of the limits given by 
±5<r c around the cluster redshift. We consider four galaxy subsamples in two intervals of 
velocity dispersion of the parent cluster (cr c <550 km s _1 - low-mass clusters and cr c >550 km 
s _1 - massive clusters) and segregated by their membership to virial regions. The threshold 



ll4 ; 



simi 



19911). Also, 



Poggianti et al. 



1 1 1 

Jcox. A. N.II2OOO 


), a 


mass f 


Henrv & Arnaud 



(120061 ) choose a similar value for boundary between 

two distinct cluster environments with regard to their star formation activity; the massive 
clusters (those with a high a c ) are extremely hostile environments for star formation 
activity. They found a different trend of the [Oil] emission-line fraction with the a c in these 
two cluster environments. The membership to the virial regions is assigned to galaxies 



inside a projected radius o 
phase diagram obtained by 



r-ivin of each clust er and under the general caustic profile in a 



Rines et al. 



(120031 ) for a sample of clusters in the Local Universe. 
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Fig. 7. — S 5 distribution. Reddish/bluish histograms correspond to galaxies inside/outside 
virial regions. Top panel show low-mass clusters S 5 distribution and the bottom panel, 
massive clusters S 5 distribution. Vertical dashed lines show the mean value of S 5 distribution 
in each case. 
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In a first look to figure [7J the £5 ran ges from ~10_ 2 to~10 2 , a more broad range 

(20 04f) for two galax y sample from 



than the range of £5 distribution shown by 



Balogh et al 



Abazajian et al 



2003) and the E 5 



SDSS DR1 (Sloan Digital Sky Survey Data Release I 

distribution of 2dFGRS (Two degrees Field Galaxy Redshift Survey, IColless et al.l l200ll ) 
that go from ~3-10~ 2 to ~30. In the higher density side, this difference comes from the 
lower statistics of this two samples (~186240 galaxies for SDSS DR1 and ~220000 for 
2dFGRS) versus the SDSS DR6 with ~ 790220 galaxies i.e. this release contains a higher 
number of galaxies from the highest density regions, the clusters. 

The £5 distribution of virial regions occupy the range -l<logS 5 <1.2 in both cases, 
massive clusters and low-mass clusters. Although, the high density tail of massive clusters 
(log S 5 >1.2) is absent in the low-mass clusters. In addition, the mean of £5 for massive 
clusters (log £s~0.6) is ^0.2 dex higher than the mean of £5 for low-mass clusters. We 
apply a kolmogorov-Smirnov test to the S 5 distributions of virial regions from the low-mass 
clusters and the massive clusters. They have a probability of ~4% to come from the same 
parent population, so they are statistically distinguishable. 

The £5 distribution of galaxies from the outskirts present a common range 
(-2<log£ 5 <1.3). Further, two differences are noticed: (1) the presence of a high density tail 
(logS5>1.3) in massive clusters and (2) the mean of £5 in the outskirts of massive clusters 
(log £5^-0.3) is ~0.35 dex higher than the corresponding mean for the low-mass clusters. 

The difference between the mean of £5 for galaxies in virial regions and galaxies from 
the outskirts is more than one dex for the low-mass clusters versus the difference for massive 
clusters which is ~0.9 dex. The overlapping in the high density side of £5 distributions 
between virial regions and the outskirts can be explained in the following way. The sample 
is designed following a set of observational constrains described in section [2] but the galaxy 
substructures around the virial region of selected clusters in the sample may not fulfill those 
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constrains. So, there may be galaxy structures in the outskirts of virial regions as massive 
as their parent cluster, the way one would expect from the similarity of the high density 
tails between virial regions and outskirts. Anyway, there is a S 5 interval below logS 5 ~l 
where the galaxy subsample from the outskirts prevails over the galaxies from virial regions. 
Also, the absence of the highest density tail in the low-mass clusters is a clear evidence of 
the local density reach up their higest values in the more massive galaxy structures, the 
richest clusters. 

In Figure [HI it can be seen a broad trend for the S 5 -rp relation (rp=Rp/r 2 oo), with 
the highest densities near to cluster centers at the top of a correlation in the v irial region 



and t 



re lowest densities far from the virial regions in the same way as found by 



RinesetaL 



( 120051 ) . We find the E 5 -rp rela tion is biased in ~ 0.5 dex toward lower densities regarding 



the Ss-rp relation obtained by 



RinesetaL 



( 120051 ). This bias would come from a deeper 



luminosity cut for neighboring galaxies which is set to M^=-22.7, enlarging the sample of 
neighboring galaxies devoted to compute the local density. The density-radius trend shows 
a more broad relation outside the virial region than the trend for the virial region. This 
came from the presence of galaxy structures which have peaks of density similar to those 
in the center of virial regions (e.g. ABELL 2197 or B2 1621+38:[MLO2002]). The massive 
clusters show galaxy structures with higher densities in the outskirts of virial regions than 
the low-mass clusters. Both the massive and low-mass clusters follow a similar trend inside 
the virial region, but the low-mass clusters reach only up to logS 5 ~1.2 avoiding the highest 
density tail while the massive clusters reach up to logS5~2. In the outskirts, the major 
concentration of galaxies in the lower side of the relation traces a common trend for both 
massive and low-mass clusters. 



In Figure El we plot a King profile (jKing 
galaxy points along the S 5 -r p relation: 



1966) fit by eye to the major concentration of 
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Fig. 8. — £ 5 vs. Rp/r 2 oo- The projected density to fifth neighbor versus projected radius 
normalized to radius 200, rp=Rp/r 2 oo- The legend identifies the subsample of clusters. The 
vertical dashed line delimit the a projected radius equal to r 2 oo- The dashed curve is a King 
profile fit by eye to the main trend. 
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logT, = logYr — [5log 



with £° = 2, /3 = 0.75, r c 



0.05 



(3) 



The 



by 



ring 



profile was initially applied to the projected galaxy density of Coma cluster 



Kind (Il972l ). The fit from equation [3] in the S 5 -r p relation seems to reconcile the narrow 



relation inside the virial region with the concentration in the lower side of the relation 
for the surroundings. Both, the massive and low-mass clusters seem to follow the same 
relation along the clustercentric radius, with the massive clusters occupying the top of the 
density-radius fit. 



5.3. Galaxy projected distribution 

In this section we stress the relevance of a detailed mapping of the sky distribution 
of different galaxy populations as a tool for the study of environmental trends of galaxy 
properties. Such study is illustrated here for Abell 1185, a massive cluster of our sample. 
A similar analysis extended to the co mplete cluster sample is out of the scope of this 



paper and will be presented elsewhere (iHernandez-Fernandez et al 



2011bl ). We segregate 



galaxy populations according to their luminosity between giant galaxies M r <-19.5 and low- 
luminosity galaxies -19.5<M r <-18, and also to their spectral type between passive galaxies 
and star-forming galaxies. In order to differentiate passive galaxies from star-forming 
galaxies, we take advantage of the (NUV-r) vs. (u-r) color-color diagram. We assume a 
galaxy is a passive galaxy whether its colors fulfill the following prescription: 



NUV-r> 4.9 for u-r< 2.175 

NUV-r> -2(u-r) + 9.25 for u-r> 2.175 

u— r> 2.22 whether there is no GALEX counterpart 



As can be seen in Figure [9l this selection seems more accurated to differentiate star- 
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formin g; galaxies from passive galaxies than the u-r color cut proposed by IStrateva et al. 



( 1200 ll ). The broken line trace the minimum in the density of data points of (NUV-r) vs. 
(u-r) diagram between the maximum of density regarding the "red sequence" and the more 
extended maximum tracing the " blue cloud" . The left side of the frontier tries to include 
i n the passive galax y side the locus of evolved "E+A" galaxies in a UV-optical diagram 



(IKaviraj et al. 



20071 ). In the case there is no UV data for a galaxy, we apply the Strateva's 



u-r cut. 



r 



In a forthcoming paper (iHernandez-Fernandez et al 



2011aJ), we take advantage of 



this UV-optical color frontier in order to make up a sample of star-forming galaxies in 
clusters. We analyze the spatial variation of distributions of spectral properties for this 
sample of star-forming galaxies. We find statistically significant differences, applying a 
Kolmogorov-Smirnov test, in those distributions throughout different environments i.e. 
virial regions, infall regions and field environment. 

The figures [10 and (TT] show the sky distribution in Abell 1185 of giant galaxies 
M r <-19.5 and low-luminosity galaxies -19.5<M r <-18, respectively. Both figures, also show 
the sky distribution of star-forming and passive galaxies. 

In Figure [TUl it can be seen the main concentration of giant galaxies from the virial 
region of ABELL 1185 around RA~167.75 deg DEC~28.5 framed by the dashed circle. 
In the same way, there are evident galaxy agglomerations around the virial region of 
ABELL 1185 with less strucutural entity than ABELL 1185, except for the group of galaxies 
in the south side around RA~167.8 deg DEC~27.5. We check the redshift distribution 
of galaxies around this location and find an evident dynamical structure around 2=0.034. 
This aggregate of galaxies, showing a strikingly high fraction of passive giant ga l axies^ 
can be linked w i th the "bare" massive-cluster cores identified by 



Poggianti et al. 



Poggianti et al 



(12000 ) 



(120061 ) propose, as a hypothesis, that systems close to more massive 
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Fig. 9. — (NUV-r) vs. (u-r). Yellow isocontours represents the isodensity contours of 
galaxies. Green dashed broken line is the color-color cut for galaxies with UV detection. 
Green vertical arrow points out to the u-r cut for galaxies without UV data. Blue and 
red points represent, respectively, star- forming and passive galaxies under the prescription 
shown in the section [5\3l 
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ABELL 1185 - Giant (M r <-19.5) 




165 166 167 168 169 170 

RA 



Fig. 10. — Sky projected density of giant M r <-19.5 galaxies around ABELL 1185. The 
grey intensity map corresponds to sky projected density of giant galaxies (both passive 
and star-forming galaxies). Orange/ Magenta points represent sky position and red/blue 
contours represent isodensity lines of the sky projected density of giant galaxies classified as 
passive/star- forming galaxies. The lowest density contour correspond to a E=3 gal/Mpc 2 
and the contours are equispaced in AE=3 gal/Mpc 2 up to the maximum in density. The 
circle in the lower-left corner shows the FWHM size of gaussian kernel to compute the density 
map. 
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structures, thus embedded in a massive superstructure, have a different galactic content 
than completely isolated galaxy systems of similar mass. They suggest these objects 
lived in regions that were very dense at high redshift but failed to acquire star-forming 
galaxies at later times, possibly due to the characteristics of their surrounding supercluster 
environment. On the other hand, the maxima in the sky distribution of passive giant 
galaxies trace the central position of the main structures as ABELL 1185 and the "bare 
core" at the south side, while star-forming galaxies occupy these regions with a more spread 
distribution, following the general trend for clusteri ng depending on spectral type founds 



in as trophysical observations and simulations (e.g., 



2005|). 



Madgwick et al. 



2003 : 



Springel et al. 



We plot the sky distribution of low-luminosity -19.5<M r <-18 galaxies in Figure ITT1 
These galaxies show a more continuous sky distribution around the central region of ABEL 
1185 connecting this region with the structures in the south, east and west side of the 



cluster. This is in good agre ement with a 
suggested the literature (e.g.. iNorberg et al. 



ess c 



2002 



ustered low-luminosi ty population as 



Springel et al. 



20051 ). The star- forming 



galaxies occupy both the densest regions and less dense regions, but the passive galaxies 
seem to inhabit preferably the c entral region of the s tructures avoiding the field environment 



in the same way as observed by 



Haines et al. 



fl2006h . 



6. Summary 

We expose the main results and conclusions of this paper in this itemized summary: 



We compile a sample of galaxies which inhabits in clusters showing a broad range 
of cluster properties (a c , morphology, etc). This galaxy sample is oberved down to 
the luminosity frontier between giant and dwarf galaxies by the Main Galaxy Sample 




Fig. 11. — Sky projected density of low-luminosity -19.5<M r <-18 galaxies around 
ABELL 1185. Color code, isodensity lines and the rest of elements of the figure are de- 
fined in the same way as figure [lOj 
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of SDSS and other galaxy surveys from UV to FIR. We build a spectrophotometric 
catalogue for this cluster galaxy sample with a detailed photometry for each galaxy 
in order to be accurate for spectral template fitting. 

The clusters from the sample with X-ray detections or confident upper limits are 
consisten t with the X-ray luminos ity vs. cluster velocity dispersion Lxocaf 4 trend 



found by lMahdavi fc Gellerj (j200ll ). The clustes with no X-ray fluxes in the literature 
can be reconciled with the Lx-c c trend assuming an upper limit in X-ray luminosity 
of 10 41 erg s -1 , except for the case of WBL 205, a cluster with clear evidences of the 
presence of dynamical substructures. 

The galaxy density £5 distribution of virial regions are biased to higher densities 
with respect to the E 5 distribution of the outskirts. The £5 distribution of massive 
clusters (virial regions and the outskirts) shows similar ranges than the low-mass 
clusters, but they have higher averages of £5 than the low-mass clusters and present 
a highest density tail which is missing in the low-mass clusters. The £5 distribution 
of virial regions of massive clusters is statistically distinguishable, up to a ~96 
% of probability, from the corresponding distribution for low-mass clusters. The 
overlapping of distributions of S 5 between virial regions and their outskirts at highest 
densities suggests the presence of galaxy structures in the outskirts as massive as the 
cluster cores. 

The S 5 -rp relation shows a more broad trend outside the virial region than the trend 
for the virial region, due to the presence of density peaks. Both the massive and 
low-mass clusters follow a similar trend inside the virial region, but the low-mass 
clusters avoid the highest density tail. This relation is well fitted by a King profile 
along the clustercentric radius, for both the massive and the low mass clusters. 

ABELL 1185 shows clear evidences of galaxy structures around the virial region. In 
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this cluster, low-luminosity star-forming galaxies are distributed along more spread 
structures than their giant counterparts, whereas low-luminosity passive galaxies 
avoid the low-density environment. Giant passive and star-forming galaxies share 
rather similar sky regions with passive galaxies exhibiting more cuspy distributions. 
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